Purpose: The common finding of thrombi between the bifoil balloons when they were extracted after mitral dilation prompted us to look for evidence of minor brain embolisms using the sensitive technique of BMRI (brain magnetic resonance T2-weighted imaging). Methods: BMRI was performed within 48 hr before and after a percutaneous mitral balloon commissurotomy (PMBC) in each of the 63 patients in this study. Results: There was evidence (hyperintensity foci: HI) of a previous asymptomatic brain embolism in 38 of 63 patients before PMBC and a new HI appeared in 18 of 63 patients after the procedure. New HI signals were found exclusively in the white matter in 8 of 18 patients and in only 3 of 18 were HI signs larger than 1 cm. One patient, with an HI signal > 1 cm in the thalamus and another < 1 cm in the brain stem, presented diplopia accompanied by other minor clinical signs. The differences in HI rate among four subgroups (1, older vs younger than 43 years; 2, sinus rhythm vs atrial fibrillation; 3, echo score <8 vs >8; 4, patients from western countries vs the others) were not statistically significant, probably because the number of patients in each subgroup was low. Patients in atrial fibrillation had slightly more (not
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In western countries (defined as European countries, Canada, and USA), strokes complicated 1%-4% of percutaneous mitral balloon commissurotomy (PMBC) procedures before 1990 [1] [2] [3] . The stroke rate decreased after the introduction of transesophageal echocardiography before each PMBC, found useful to rule out atrial thrombi.
The common finding [4] of thrombi between the two balloons of the bifoil catheter-balloons when pulled back after the procedure, prompted us to search for minor stroke signs in patients without neurologic evidence of brain embolism. Brain magnetic resonance imaging (BMRI) is a very sensitive tool for detecting brain microembolisms. However, BMRI hyperintensity foci (HI) are not exclusively deter-mined by embolisms. A previous paper [5] presented the first 27 patients in this series of 63. Since then our HI rate following PMBC has decreased.
The purposes of this study were to assess the clinical and subclinical stroke rate during PMBC and to analyze the possible causes of HI.
Materials and Methods
BMRI was carried out in 63 patients within 48 hr before and after PMBC. Informed consent was obtained in all cases after a full explanation of the BMRI investigation. All 63 patients had symptomatic rheumatic mitral stenosis and their mitral valve areas (MVA), assessed by transthoracic two-dimensional echocardiography, by Doppler, or by Gorlin's hemodynamic formula, were < 1.5 cmz. Thirty-two patients were in class II and 31 in class III of the New York Heart Association functional classification. Patient heart rhythms were: sinus rhythm in 43 patients and atrial fibrillation in the remaining 20. Mean age was 43 + 15 years and 51 patients were women. About 46% (29/63) of patients came from western countries, the others from various countries with poorer social and medical structures than western countries. Seven patients had had a previous closed surgical mitral commissurotomy 14 _+ 8 years before. The mean echographic score [6] was 7.7 -+ 1.9, and subvalvular disease was the most common anatomic impairment. Mitral regurgitation, according to Sellers' classification, was l + in 19 patients and 2+ in six patients; the others had no mitral regurgitation.
Transesophageal echocardiography, which is more sensitive than transthoracic echocardiography [7] in detecting thrombi in the left appendage, was performed within 48 hr before each mitral dilation. Our PMBC technique has already been extensively described [8] . A diagnostic heart catheterization study was carried out immediately before PMBC and a second hemodynamic study, assessing the efficacy of PMBC, was performed immediately after the procedure. In all cases, balloons crossed the stenotic valve on the anterograde route by transseptal catheterization. In the first 27 patients their usual anticoagulation treatment was stopped betore PMBC and 35 IU/kg i.v. heparin administered after transseptal catheterization. In the remaining patients their usual anticoagulation treatment was maintained.
Bifoil catheter-balloons (Bifoil Twin-AT balloon, Mansfield, Boston Scientific, Watertown, MA, USA) were initially used in 15 patients and Inoue balloons (28 or 30 mm; Meditor, Hoenheim, France) in 52 patients. Bifoil balloons were replaced four times by Inoue balloons due to bifoil instability,
The HI rates were compared in four subgroups according to: (1) cardiac rhythm: patients in sinus rhythm compared with patients in atrial fibrillation; (2) age: older patients compared with those younger than the mean group age; (3) patient's origin: patients from western countries compared with patients from other countries; and (4) mitral valve status: patients with an echographic score lower than 8 compared with the others (Table 1) .
BMRI was carried out using a median field (0.5 T) with 8-mmdeep axial slices. The sequence, similar for all patients, was: spin echo (SE) T2-weighted magnetic resonance images (TR = 2020 msec, TE = 60/120 msec).
Statistics
Data are presented as mean _+ standard deviation. Comparisons of MVA before and after PMBC were made using the paired Student's t-test. Comparisons of HI rates in the different patient subgroups were made with the chi-squared test. A probability value of < 0.05 was considered significant.
Results
PMBC was successful in 58 of 63 patients. Five PMBCs were unsuccessful, in three patients because the procedure was complicated by major mitral regurgitation and in two patients because the MVA remained < 1.5 cm 2. MVA values, patients' characteristics, and HI rates are presented in Table 1 . MVA values were similar to those obtained in our 400 other PMBCs [8] . The total duration of the catheterization was 98 + 40 min and the time necessary for the PMBC itself, from the beginning of transseptal catheterization to the last balloon inflation, was 24 _+ 6 min.
HI suggesting brain embolism, multiple or isolated, were found on BMRI in 38 of 63 patients before PMBC. The HI dimensions were smaller than 1 cm in all but three patients. New HI were found in 18 of 63 patients after mitral dilation. These new HI were < 1 cm ( The new HI signals were exclusively in the white matter in eight of 18 patients. Three HI were exclusively in the cortical area: one in the right, one in the left frontal lobes, and in a last patient two new HI were observed, both in the left cortical superior parietalis gyrus (Fig. 2) . These new HI locations are presented in Table 2 .
Only three of the 18 new HI were larger than 1 cm and they were accompanied by neurologic symptoms in two patients. One patient, with a HI signal > 1 cm in the thalamus and another < 1 cm in the brain stem, presented diplopia for 24 hr accompanied by other minor clinical signs. The other symptomatic patient, with an HI in the corpus callosum, suffered a short convulsive fit during the first catheterization study.
Patients whose PMBC was carried out with bifoil balloons tended to have a higher rate of post-procedural HI, but the bifoil and Inoue subgroups were not comparable. First, the tendency to a higher rate of HI in the bifoil subgroup was already present before PMBC, these patients being older, more often in atrial fibrillation, and more often from western countries. Secondly, the PMBCs of patients from the bifoil group were performed earlier (always before 1993) and patients from the bifoil subgroup received heparin whereas the others did not. Nevertheless, data on the PMBCs and BMRIs carried out with bifoil balloons and Inoue balloons are presented, for information, in Table 1. HI rates between various subgroups were not statistically different in spite of a trend toward higher post-procedural HI in the subgroup of western patients. MVA values prior to and after PMBC were similar for all subgroups: about 1 cm 2 before and 2 cm 2 after PMBC. However, patients from the subgroup with an echographic mitral valve score < 8 showed a clear trend (NS) to a larger MVA after PMBC (Table 1) .
Discussion
As the time elapsed between the two BMRIs varied from 3 to 4 days, the new HI were more likely related to embolisms than to other causes.
The widespread use of transesophageal echocardiography before PMBC [7] reduced the stroke rate during this procedure [9, 10] . Nevertheless, this reduced stroke rate was only clearly observed in studies where the authors performed more than 100 mitral dilations [11, 12] , after the PMBC "learning curve". Otherwise, even if mortality and morbidity linked to PMBC decreased strongly after this "learning curve" period, the post-procedural MVA values obtained did not increase, remaining close to 2 cm 2 [10] [11] [12] [13] . Peripheral embolism during PMBC has always been less frequent in the East than in the West [14] [15] [16] . This lower stroke frequency could be connected to ethnic features, but not exclusively; in fact, even in western countries strokes became rarer after the introduction of transesophageal echocardiography before each procedure and the arrival of the Inoue balloon. The Inoue balloon [17] has been available in the East since 1984. Due to its characteristics [18] it requires fewer left atrial maneuvers, which may cause the displacement of left atrial thrombi or their fragmentation. In other respects, the procedure may be shorter with the Inoue balloon, since the bifoil balloon is more difficult to stabilize across the mitral valve until full bifoil inflation [19] . In fact, Chen et al. [20] successfully carried out PMBC in six patients with proven left appendage thrombi without noting clinical signs of embolism. Brain embolism is also rare when mitral dilation is performed without transseptal catheterization [21] , which is consistent with the hypothesis of displacement of unsuspected left atrial thrombi as a cause of PMBC brain embolism.
General Meaning of BMRI Hyperintensity Foci
HI are not exclusively induced by embolism and may be linked to other pathologies such as postanoxic lesions, cytotoxic or vasogenic edema, astrocytic gliosis, atherosclerosis, systemic diseases, Behqet disease, or antiphospholipid syndrome; HI are also often observed in demyelinated perivascular areas, particularly in elderly [22, 23] and hypertensive patients. On the other hand, the HI features do not allow new embolisms to be distinguished from old ones. The short delay between BMRIs would rule out other HI etiologies. However, cardiac collapse or severe hypotension may complicate PMBC and might be the cause of new HI. That possibility deserves analysis.
Balloon inflation during PMBC, in particular when the balloon is of cylindrical shape such as the Inoue balloon, dramatically limits left ventricular filling. Nevertheless, its inflation followed by deflation can be accomplished within 10 sec. When bifoil balloons were used, their inflation and deflation times were much longer, sometimes exceeding 1 rain. However, left ventricular filling, although decreased, was still possible during bifoii inflation, the blood passing through the gaps between the two bifoil balloons. In this group of 63 patients, hypotension under 60 mmHg was seldom observed for more than 15 sec. Thus, we do not think that the 18 new HI could have been caused by hypotension.
Hyperintensity Foci Before PMBC
HI were detected in 38 patients before mitral dilation. They were multiple in many patients and, except in three patients, were < 1 cm. One of the patients with > 1 cm HI had a major, near-total, unihemispherical defect that was the result of a neonatal anoxic period. Mitral stenosis is a well-known embolizing pathology [24] and the high HI rate before PMBC is not surprising.
Hyperintensity Foci after PMBC
After PMBC, 18 patients showed new HI consistent with periprocedural embolisms. These new HI were usually smaller than 1 cm and were only twice followed by clear neurologic symptoms. A patient with the double location in the corpus callosum (genu and splenium), had a convulsive fit before transseptal catheterization, consequently needing a short and light general anesthetic. This embolism was simultaneous with diagnostic catheterization and, in this particular case, not related to the PMBC procedure itself. After PMBC the HI rates were statistically similar in all subgroups in spite of rhythm, but there was a clear trend towards higher HI in the subgroup of patients from western countries, who were older and had a more impaired mitral valve, often requiring a longer procedure. The recent decrease in HI rate could not be linked to better detection of left atrial thrombi, since the first PMBC patient of the present study was enrolled in 1991, long after the introduction in our department of transesophageal echocardiography before each PMBC.
BMRIs were carried out on three other patients before and after conventional diagnostic catheterization, and the second BMRI did not disclose new HI.
Most patients did not present post-procedural neurologic symptoms, but the neurologic clinical examinations were performed by cardiologists; perhaps a neurologist would have been able to find discreet neurologic clinical signs of embolism in these 18 patients.
Strokes and PMBC
Although frequent, strokes during PMBC seem less dramatic than strokes induced by atherosclerosis, death by stroke in the PMBC literature [1] being exceptional. In our 400 other PMBC procedures, seven patients had clinical signs of brain embolism; five were in the first half of the group. One month after PMBC, neurologic clinical signs persisted, although discreet, in only two of these seven patients. Clinical strokes have markedly decreased in our group since 1990, following the introduction of transesophageal echocardiography in 1991 and after the exclusive use of Inoue balloons. However, these two reasons may not hold, because since then patients with major valve alterations have no longer been accepted for PMBC. After 1991, left atrial thrombi were detected in four patients. Images of all four thrombi vanished after 2 months of warfarin treatment and PMBC was successfully carried out on all patients.
Calcific embolisms have occasionally been reported during heart catheterization [25] , or spontaneously in patients with heart valve disease [26] . The 18 new "embolisms" detected in our group of patients could hardly be explained by calcium dislodgment. In the literature, patients with calcium embolism had valvular aortic, not mitral, disease. On the other hand, only four of these 18 patients with new HI presented echographic evidence of mitral calcification.
Conclusion
Brain embolism is not rare during percutaneous mitral balloon commissurotomy. Existing left atrial thrombi or clotting over the catheter balloon might be the origin of these embolisms. Brain microembolisms in this group of patients were well tolerated and not necessarily accompanied by symptoms, mostly when the hyperintensity foci in brain magnetic resonance images were smaller than 1 cm. The reduced procedure duration, perhaps as a result of the exclusive use of Inoue balloons, could be one of the major causes of the recent decrease in the rate of microembolism.
